The measurement of the Cu-O distances by a local and fast probe, polarized Cu K-edge extended x-ray absorption fine structure (EXAFS) in La 1.85 Sr 0.15 CuO 4 crystal shows two different conformations of the CuO 6 octahedra below 100 K assigned to two types of stripes with different lattice. This experiment supports a model of "two components" spatially separated in a superlattice of quantum stripes for the anomalous properties of cuprate superconductors. [S0031-9007(96) PACS numbers: 74.72. Dn, 61.10.Ht, 78.70.Dm Experimental methods probing the local structure have shown that the structure of the metallic CuO 2 plane in high T c cuprate superconductors is not homogeneous at a mesoscopic scale length [1] [2] [3] [4] . It has been proposed that an anharmonic 1D modulation of the CuO 2 plane is a key feature for the mechanism of high T c superconductivity [5] . A superstructure of the type q pb ‫ء‬ 1 ͑1͞n͒c ‫ء‬ , in the orthorhombic notation, seems to be a common feature of the superconducting cuprates close to the optimum doping. It has been observed in Bi 2 Sr 2 CaCu 2 O 81d (Bi2212) [6, 7] [14] . This superstructure is difficult to identify in some of the compounds (for example, in the case of LSCO it could be identified only after about 9 yr of the discovery of high T c superconductivity in this material), and it is more clear at temperatures lower than 100-200 K (e.g., in Tl2212, Tl2223, LCO, LSCO). On the other hand, the superstructure is stable even at high temperatures in Bi2212. The c-axis modulation, different from sample to sample, is due to ordering of dopants in the rock-salt block layers as it is clear in the isostructural compounds, e.g., La 2 NiO 41d . The long wavelength incommensurate modulation of the CuO 2 plane along the 45 ± direction from the Cu-Cu direction, involving ϳ10 Cu sites, appears to be a common feature of cuprate superconductors at optimum doping.
(Received 8 June 1995) The measurement of the Cu-O distances by a local and fast probe, polarized Cu K-edge extended x-ray absorption fine structure (EXAFS) in La 1.85 Sr 0.15 CuO 4 crystal shows two different conformations of the CuO 6 octahedra below 100 K assigned to two types of stripes with different lattice. This experiment supports a model of "two components" spatially separated in a superlattice of quantum stripes for the anomalous properties of cuprate superconductors. Experimental methods probing the local structure have shown that the structure of the metallic CuO 2 plane in high T c cuprate superconductors is not homogeneous at a mesoscopic scale length [1] [2] [3] [4] . It has been proposed that an anharmonic 1D modulation of the CuO 2 plane is a key feature for the mechanism of high T c superconductivity [5] . A superstructure of the type q pb ‫ء‬ 1 ͑1͞n͒c ‫ء‬ , in the orthorhombic notation, seems to be a common feature of the superconducting cuprates close to the optimum doping. It has been observed in Bi 2 Sr 2 CaCu 2 O 81d (Bi2212) [6, 7] and in Bi 2 Sr 2 Cu 2 O 61d (Bi2201) [8] with p ϳ 0.21 and n 2 considering doubling of the c axis; in La 2 CuO 4.1 (LCO) with p 0.22 and n 3 [9] and with p 0.2 and n 3 [10] ; in La 22x Sr x Cu 2 O 4 (LSCO) for x ϳ 0.075 with p ϳ 0.16 and n ϳ 2.5 [11] and a similar superstructure for x 0.1, 0.15 but much weaker in intensity for the overdoped sample, i.e., x 0.2 [12] ; in Tl 2 Ba 2 CaCu 2 O 8 (Tl2212) with p ϳ 0.2 [13] and a similar one in Tl 2 Ba 2 Ca 2 Cu 3 O 10 (Tl2223) [14] . This superstructure is difficult to identify in some of the compounds (for example, in the case of LSCO it could be identified only after about 9 yr of the discovery of high T c superconductivity in this material), and it is more clear at temperatures lower than 100-200 K (e.g., in Tl2212, Tl2223, LCO, LSCO). On the other hand, the superstructure is stable even at high temperatures in Bi2212. The c-axis modulation, different from sample to sample, is due to ordering of dopants in the rock-salt block layers as it is clear in the isostructural compounds, e.g., La 2 NiO 41d . The long wavelength incommensurate modulation of the CuO 2 plane along the 45 ± direction from the Cu-Cu direction, involving ϳ10 Cu sites, appears to be a common feature of cuprate superconductors at optimum doping.
A "two-component" model has been proposed [5] where at optimum doping (0.2 hole per Cu sites) a first component with hole density d i ϳ 1 1 0.16 coexists with a second component of impurity states, with hole density d ᐉ ϳ 0.04, spatially separated in two different types of stripes forming a superlattice of quantum wires. A commensurate superstructure with lower period (4 Cu sites) was predicted [5] where all doped holes form a single electronic component, a pinned Wigner polaronic charge density wave (CDW), that will suppress superconductivity, and it has been observed at the 1͞8 critical doping and in the nickelates [15] .
In the case of Bi2212 we have shown [5] that the 1D modulation is formed by alternated stripes with a low temperature orthorhombic (LTO) lattice alternated by low temperature tetragonal (LTT) stripes or Pccn phase observed as average structures in LaBaCuO. A breakthrough in understanding high temperature superconductivity was achieved through the measure of the width L ͑W ͒ of the LTO-like (LTT-like) stripes by joint extended x-ray absorption fine structure (EXAFS) and diffraction [5] . This experiment has shown that at optimum doping the Fermi level is tuned to a shape resonance in the quasi-onedimensional stripes that gives a possible mechanism for the amplification of the critical temperature.
In the present Letter we report experimental determination of the local lattice distortions associated with the lattice modulations in the optimally doped LSCO system by a local and fast probe. The Cu-O bond lengths have been measured by polarized Cu K-edge EXAFS. The capability of EXAFS to solve the different local bond lengths, while the diffraction gives only the average interatomic distance, was well demonstrated in solid solutions [16] . The Cu-O (planar) bond lengths have been measured by E͞͞ab polarized spectra while the Cu-O (apical) bond lengths by E͞͞c polarized spectra. For the success of the experiment it was critical to use high quality oriented single crystals and to record EXAFS data with a high signalto-noise ratio.
LSCO has been previously studied by Cu K-edge EXAFS [17, 18] in powder samples, but in the unpolarized spectra the signals of Cu-O (apical) and Cu-O (planar) interfere and make the extraction of structural parameters more complex. However, the divergence of the local structure from the crystallographic average structure has been indicated by an EXAFS experiment [17] made in the early days of the high T c superconductivity research where the average Cu-O (apical) bond length was found to be 2.32 Å in comparison with the 2.4 Å reported by crystallographic techniques.
The present measurements were made on well characterized single crystal of size 3 3 2 3 0.5 mm 3 showing a sharp superconducting transition at T c 35 K grown by the traveling solvent floating zone (TSFZ) method. The polarized Cu K-edge absorption measurements were performed on the beam line BL-4C at Photon Factory at Tsukuba [18] . The spectra were recorded by detecting the fluorescence yield (FY) using 9 NaI(Tl) x-ray detectors. The crystal temperature was monitored with an accuracy of 60.5 K. neighbor oxygen atoms, and therefore probe the pair correlation function between Cu and oxygen pairs. The first shell EXAFS were fitted by nonlinear least squares fitting using the curved wave EXAFS theory. The E͞͞ab EXAFS signals were first fitted imposing a single Cu-O (planar) distance as expected from crystallographic data. The fitting got worse and the Debye-Waller factor showed a deviation from the standard temperature dependence with an anomalous increase (2-3 times) below 100 K indicating the presence of multiple distances. The results have shown a single distance down to 100 K while below this temperature two different distances appear with a dramatic improvement in the fitting. A typical fit to the experimental E͞͞ab EXAFS is shown by a solid line in Fig. 2(a) . The temperature dependence of the two Cu-O (planar) distances (R short and R long ) and their probabilities (N short ͞N tot and N long ͞N tot ) are shown in Fig. 3 . The average Cu-O (planar) distance obtained in the present EXAFS analysis agrees with the diffraction [19, 20] and earlier EXAFS results [17] .
The E͞͞c EXAFS spectra clearly show the presence of a beat at about 15 Å 21 indicating the presence of the two Cu-O (apical) distances. A typical fit is shown in Fig. 2(b) . The temperature dependence of the two distances (R short and R long ) and their relative contributions (N short ͞N tot and N long ͞N tot ) of the same are shown in Fig. 4 . Similar results have been obtained by multishell fitting including Cu-La signal. The present work confirms the earlier EXAFS study [17] in which the average distance for the Cu-O (apical) bonds is reported to be smaller (2.32 Å) than that obtained in diffraction studies (2.4 Å). The results for the in-plane bond length, reported in Fig. 3 , show that the local structure of the CuO 2 plane detected by the EXAFS method largely diverges from the average structure below T s 100 K; above this temperature a single Cu-O (planar) distance resembling the reported crystallographic data is observed [18, 19] . However, taking into account our experimental limitations FIG. 4 . Temperature dependence of the Cu-O (apical) distances (a) and their relative probability (b) generated from the fits of the filtered E͞͞c EXAFS spectra.
we cannot rule out the possibility of the existence of distances separated by less than 0.05 Å above T s . The separation between the two distances varies between 0.06 and 0.12 Å below T s , that is, much larger than the temperature fluctuations of the order of 0.02 Å for each distance. The relative number of anomalous long Cu-O (planar) bonds on the total number of in-plane bonds below 100 K is ϳ16% as can be seen in Fig. 3 .
The appearance of the anomalous in-plane long distance is assigned to the tilting of the CuO 4 square plane as in the LTT domains where two oxygen atoms per CuO 4 square plane get displaced along the c axis. We obtain the tilting angle u of the CuO 4 square plane, using cosu R short ͞R long , which comes out to be in the range of 14 ± -18 ± below 100 K. Such a large tilting has been observed in the following: (i) in oxygen doped La 2 CuO 41d by NMR [21] and neutron diffraction [10] ; (ii) in Bi2212 by neutron diffraction [6, 7] and EXAFS [5] . From the relative number of anomalous long Cu-O (planar) bonds shown in Fig. 3 we deduced the presence of ͑33 6 3͒% anomalous CuO 4 square plane with rhombic distortion containing two long bonds per Cu site.
The instability of the Cu site is also indicated by the E͞͞c EXAFS data. The results in Fig. 4 show the presence of two Cu-O (apical) distances, R short and R long , separated by 0.08 to 0.14 Å while the average crystallographic structure predicts a single distance at 2.405 Å. The longer bond is close to the expected value for the average structure while R short is clearly anomalous. The probability of the short bonds is constant and of the order of 30% below 100 K.
The anomalous 2.3 Å short Cu-O (apical) and 1.96 Å long Cu-O (planar) bond lengths are associated with distorted "LTT-like" Cu octahedra as shown in Fig. 5 . The spatial distribution of these distorted Cu sites has been shown by diffuse x-ray scattering [11, 12] to give a one-dimensional (1D) lattice modulation with wavelength of l ϳ 25 Å. In the case of 1D modulation the distorted "LTT-like" Cu sites form stripes of distorted lattice (D stripes) of width W, intercalated by stripes of undistorted lattice (U stripes) of width L, with l L 1 W . For a 1D distribution the measured probability of distorted lattice is W ͑͞L 1 W ͒ 33%, therefore we obtain a measure of the width W ϳ 25 3 0.33 8 Å of the D stripes and the width L ϳ 16 Å of U stripes as shown in Fig. 5 . This result agrees with the enhancement of the density of LTT-like domains near the grain boundaries [22] and with the findings that on the local scale the La 22x Ba x Cu 2 O 4 is a mixture of "local LTT" and "local LTO" domains [23] . The reported variation of the in-plane bond lengths between D stripes and U stripes is much larger than the differences between the "average LTO" and "average LTT" crystallographic phases in cuprates [24] . This can be understood by assigning the differences between the "average" phases to the variation of the relative probability of the two types of local domains. Moreover, the presence of different domains can explain the anomalous magnetic properties [25] .
In conclusion, the present experiment supports the "two component" models for the interpretation of the anomalous electronic and transport properties of cuprate superconductors that have been proposed in competition with the models considering a single electronic component. In fact the large tilting and the elongation of the in-plane Cu-O distances in the distorted Cu sites indicates that the electronic structure in the D stripes is different from that in the U stripes. Finally, the heterostructure of the CuO 2 plane at optimum doping shown in Fig. 5 supports a new paradigm advanced to understand the amplification of the superconducting critical temperature in cuprates [5] where the itinerant charges are confined in a superlattice of quantum wires of width L ϳ 16 Å and period ϳ25 Å. The enhancement of the critical temperature by a factor of 10-15 is assigned to the resonance in the pairing mechanism where the charge density and/or the stripe width L are tuned to a "shape resonance" condition L ϳ nl F ͞2, where l F is the wavelength of the electrons at the Fermi level and n an integer number [5] in both Bi2212 and LSCO at optimum doping.
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